From an evolutionary perspective, adaptations of an organism to its early environment are essential for survival. The occurrence of early life perturbation, coincident with increased developmental plasticity, provides a unique opportunity for such adaptations to become programmed and persist throughout life. However, adaptations that are beneficial to maintaining homeostasis in one's early environment may result in extreme response strategies that confer vulnerability or dysfunction later in life. This review summarizes recent findings in human and animal studies demonstrating that early life pain results in a hypo-sensitive/hyper-sensitive phenotype in response to acute and persistent pain and stress later in life. Changes in cognition and immune function in response to early life pain have also been observed. Recent data on the neural mechanisms underlying these long-term changes are discussed, as well as potential strategies to minimize the impact of early life pain. 
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Overview
Each year, up to 18% of infants worldwide and 11.4% of infants in the United States are born before 37 gestational weeks (GW) and are considered preterm [1, 2] . Advances in medical technology now allow for 80% of infants born by 26 GW to survive ex utero [3] . Preterm infants typically spend more than one month in the Neonatal Intensive Care Unit (NICU) [4] , where they undergo a median of 16 invasive procedures each day, including repeated heel lance, endotracheal intubation, surgery, and respiratory and gastric suctioning [5] . Despite the recognition that these interventions produce pain, inflammation, and stress, specific analgesia or anesthesia is only used for 2-21% of NICU procedures [5] . Historically, infants and children were considered incapable of engaging in higherlevel sensory processing, including nociception [6] . However, overwhelming evidence over the last 30 years demonstrates that premature and term infants are able to perceive noxious stimuli. Indeed, cortical responses to noxious peripheral stimulation (heel prick) have been reported in infants as young as 25 GW [7] . Fear of negative long-term consequences associated with opiate exposure has also contributed to under-management of pain for NICU patients. Recent studies, however, report that former preterm infants who received morphine for pain management had improved executive function relative to those that received placebo [8 ,9] . With the appreciation that neonates do indeed feel pain, research devoted toward evidence-based strategies for pain management, using both pharmacologic and non-pharmacologic approaches are required (Figure 1 ).
The long-term impact of early life pain in humans
Initially, preterm infants display elevated behavioral, hormonal and autonomic responses to invasive NICU procedures [10] . However, the experience of repeated, unalleviated pain at this early developmental time point results in rapid adaptations, as evidenced by reductions in autonomic and hormonal responses to pain and stress that persist into adolescence and adulthood [10] . Changes in brain maturation and cognitive processing have also been reported. Here, we will review the most recent preclinical and clinical evidence related to the long-term impact of early life pain on sensory perception, endocrine function, as well as behavioral, emotional and cognitive outcomes [11, 12] .
Sensory perception
Imaging studies report higher metabolic activity and functional connectivity in the thalamus and sensory cortices for preterm infants (24-32 GW) relative to full term peers [13] , suggesting enhanced integration of sensory information. Initially, EEG responses and facial reactivity of preterm infants are high in response to procedural pain, however, these measures decrease as the number of skin breaking procedures increases [11, 14] . By 3 months of age, these infants show attenuated behavioral responses to acute noxious stimuli (e.g. reduced duration of crying and facial reactivity), but heightened withdrawal responses to pain from consecutive immunizations [15] .
